Spin coherent states play a crucial role in defining QESM (quasi-exactly solvable models) establishing a strict correspondence between energy spectra of spin systems and low-lying quantum states for a particle moving in a potential field of a certain form. Spin coherent states are also used for finding the Wigner-Kirkwood expansion and quantum corrections to energy quantization rules. The closed equation which governs dynamics of a quantum system is obtained in the spin coherent representation directly for observable quantities.
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In this paper we review three somewhat unusual applications of spin coherent states: 1) quasi-exactly-solvable models (QESM) and effective potential description of spin systems;
2)dynamics of quantum spin systems in terms of observable quantities; 3) Wigner-Kirkwood expansion and energy quantization rules (analogue of the Bohr-Sommerfeld rules) with quantum corrections, derivation not using the path integral approach; the crucial point here that the series for quantization rules turned out to be the direct consequence of the Wigner-1 Kirkwood expansion, so the present approach establishes the connection between two quite different expansions. It is essential that all three points under discussion which look so different are based on the possibility to represent the spin operators as the differential ones.
Let us consider the standard expression for a spin coherent (not normalized) state:
where |σ denotes the state with the S z projection equal to σ, S ± = S x ± iS y . Then using the commutation relation for different projections of spin operators we obtain that for any function f of spin operators S i :
where f = ξ|f |ξ andS
Another version of the representation of spin operators in terms of differential ones arises if one uses normalized spin coherent states | n = (1 + ξξ * ) −S |ξ . Then, similarly to (2) we
where now f = n|f | n . Here n is the unit vector whose direction is parametrized by two angles or a complex number ξ according to ξ = tan θ 2 exp(iφ). The explicit expressions for S i are the following:
These expressions can be rewritten in the form
The formulas forS i andŜ i play the key role in what follows.
I. QESM AND SPIN COHERENT STATES
Quasi-exactly solvable models is an rather unusual object in quantum mechanics which occupies a position intermediate between exactly solvable models and models which cannot be solved at all. At present, there are several reviews on QESM [1] , [2] , [3] , [4] , [5] made from different viewpoints where a reader can find references to original papers and history of discovering QESM. In the present paper we outline briefly aspects of QESM connected with their physical realization.
Usually, the typical situation in quantum mechanics with exact solutions of the Schrödinger equation is the following. (1) The expressions for wave functions and energy levels can be found for a whole spectrum; (2) a hidden underlying algebraic structure which makes it possible to find exact solutions has the auxiliary character which in itself has no direct physical meaning; (3) the possibility to describe some object by a potential field which admits exact solutions is determined by comparison with an experiment but not by inner structure of the problem. In contrary, for QESM (1) only the part of the spectrum can be found explicitly or implicitly from the algebraic equation of finite degree; (2)-(3) the underlying algebraic structure (spin Hamiltonian) has direct physical meaning, so potential description of spin systems arises because of just the spin structure itself in a rigorous sense; that leads to the notion of an essentially new type of quasi-particle which can be called "spinon".
Let us consider the spin Hamiltonian
The representation for spin operators in terms of differential ones (3) enables one to obtain for the eigenvalue problem the second order differential equation which after a simple substitution and, in general, the change of variables, leads to the standard Schrödinger equation
with some potential. Below we discuss several examples. Let, first 
In general, QESM demonstrate a lot of nontrivial correspondences between spectra of quite different quantum systems.
II. DYNAMICS OF SPIN SYSTEMS
Consider the Heisenberg equation for an arbitrary operatorĝ( S) in the case of a timeindependent Hamiltonian Hĝ
and average it over a spin coherent state. Then, using relations (5), (6) we obtaiṅ 
III. QUASICLASSICAL APPROXIMATION FOR SPIN SYSTEMS
Spin is essentially quantum object having a discrete nature. On the other hand, in the classical limit a spin system is described by the classical Hamiltonian function in which the role of natural variables is played by two angles (for each spin), e.g. variables which change continuously. Therefore, if one is interested in constructing the analogue of the WignerKirkwood expansion in powers of S −1 the following question immediately arises: how can these two circumstances be reconciled? The ideal tool to handle this problem is the apparatus of spin coherent states: (1) they ensure continuous representation of a spin; (2) they minimize the Heisenberg uncertainty relation, so they are "the most classical states" and in this sense are already adjusted for the description of the quasiclassical limit and finding quantum corrections; (3) they form complete (even overcomplete set of states). Using spin coherent states as a basis we can construct the expansion in question as the perturbation theory with respect to derivatives according to (6) . In particular, the first correction for one-particle
Hamiltonian H = f ( S) turns out to be δF = It is remarkable that, knowing the Wigner-Kirkwood series, one may recover from it the form of the energy quantization rules with quantum corrections without approximate solving the Schrödinger equation. For the "ordinary" quantum mechanics it was shown in [6] and is extended now directly to spin systems.
To summarize, spin coherent states not only establish link between quantum and classical spin systems -they even lead to such constructions which (like QESM) in themselves have nothing to do with spin!
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